ABSTRACT: Counts of seablrds attending stern-trawlers in the southern Benguela Current region are analysed according to seasonal changes in species richness, Shannon-Wiener diversity index, mean abundance, and mean biomass at 540 observation stations. Patterns of occurrence of species in 4 foodtype and 6 feeding-method groups are identified. These patterns are compared with the composition of the avifauna predating large-scale, commercial mid-water and demersal trawl-fisheries in the Benguela region.
INTRODUCTION
Certain large-scale fishing activities, especially bottom and mid-water stern-trawling, provide a reliable supply of food for seabirds, including some items not naturally available to them (Watson, 1981) . The degree to which this ready food source affects the overall ecology of seabirds in the Southern Ocean is unclear (Croxall, in press ).
This paper describes the species composition, abundance and biomass of pelagic seabird assemblages attending trawlers in the southern sector of the Benguela Current region which is a major fishing ground for trawlers. The modern situaton is compared with information gathered in the same area about 30 yr ago, prior to the development of a large-scale fishery (Abrams and Griffiths, 1981) , in order to assess the potential influence of fisheries for changing the ecology of seabirds.
STUDY AREA AND METHODS
South African trawlers operate consistently in an area bounded by Latitudes 32" and 35" S and between 90 and 150 km offshore, aligned roughly along the continental shelf edge, over depths between 300 and 500 m (Fig. 1) . The targets of the fishery are bottom fish, chiefly hake (Merluccius spp.), and the catch is gutted throughout the afternoon. Ornithologists on board trawlers recorded numbers of seabirds from 1977 to 1980. Counts of individual seabirds, crossing an @ Inter-Research/Printed in F. R. Germany imaginary line perpendicular to the ship's beam, were made according to the 10-min observation method (Griffiths, 1981) . Counts of seabirds were recorded during all daylight hours on at least 6 d in each mo (cruise dates within each mo were selected at random), except April and October. Counts at 60 % of the total number (n=540) of observation stations were made before noon, preceding the first hauling of trawl-nets.
Computer-assisted correlation analyses of log-transformed data were carried out to assess patterns of cooccurrence of bird species richness (BSR, number of species), Shannon-Wiener index (Shannon and Weaver, 1963 , BSD = H = -1pi. log. m', where pi = proportion of the ith species in the community), abundance (mean number of birds) and mean biomass (total live-weight of birds) with each of 4 provisional principal food-type groups (see Appendix).
RESULTS

Seabirds attending trawlers
On average, 6 species attended a single trawler during the austral winter when seabird abundance and biomass were highest (Figs. 2 and 3) . Although BSR and BSD varied seasonally, consistently diverse seabird assemblages attended trawlers throughout the year (Fig. 2) .
The seabird assemblages were dominated generally, and especially in winter, by species which normally prey on cephalopods and which obtain their food on Fig. 4 ). The winter peaks were owed primarily to an influx of blackbrowed albatrosses Diomedea melanophris and whitechinned petrels Procellaria aequinoctialis from their breeding grounds in the Southern Ocean (Abrams and Griffiths, 1981) . Together, these 2 specles accounted for a mean of 400 (SD = f 700, n = 540) birds per observation station, or 89 % of the mean total number of individuals at a trawler in winter, which explains the negative correlation between cephalopod-eaters and BSD (Table 1 ). The departure of these seasonal visitors in spring resulted in an increased proportion of observations of locally breeding species. Fish-eating species (plunge, and pursuit plunge/dive feeders: r = 0.985, 0.606 respectively, both values p < 0.001, accounted for 1 to 23 % of all individual birds recorded at trawlers (Fig. 5 ) . Plankton-eating species and those whose diets are mixed (species not classifiable as predominantly plankton-, cephalopod-or fish-eaters), were not particularly abundant (Table 1) ; their abundances peaked in July and the spring, respectively ( Absolute abundance and density of birds could not always be determined, because, at times, extra-large numbers of birds (as many as 7000 at a n observation station) necessitated estimates being made. Nevertheless, between 500 and 2000 birds usually attended a single trawler; the mean abundance of birds within view of the observer increased from 408 before noon to 1468 in the afternoon when nets were hauled or fish were cleaned (Table 2) . At these times, offal, dead and live fish were taken opportunistically by the birds. After the feeding frenzies associated with these activities subsided, the birds gathered in rafts of mixed species dispersed over a wide area near the trawlers, in which they apparently remained until the next day.
Changes in the seabird community
During the 1950's, prior to large-scale stern-trawling in the southern Benguela region, the numbers of seabirds attracted to a n oceanographic research vessel were recorded (Abrams and Griffiths, 1981) . Birds attracted to ships, while foraging, can be expected to approach either fishing or non-fishing vessels, but subsequent reinforcement of the behaviour, or a tendency of the birds to linger at a particular vessel, will depend on the type of vessel involved (Wahl and Heinemann, 1979) . Many species in the Benguela region are Table 3) . The most salient feature of this tentative comparison appears to be the modem increase i n abundance, particularly of cephalopod-eating Procellariiformes, amounting to a 12-fold increase in biomass per trawler-based observation in peak seasons (Fig. 4, Table 3 ). It seems that albatrosses and petrels have refocused their diets to include more fish, but without changing their surfaceseizing/scavenging feeding behaviour.
DISCUSSION
The information reported here suggests that in the last 30 yr the abundance of seabirds, notably certain seasonal visitors from the Southern Ocean, and particularly the blackbrowed albatross and the whitechinned petrel, has increased in the southern sector of the Benguela Current region. If there has not been an increase in absolute abundance of these and other species in the Benguela region, then there has been a significant change in their local distribution. These birds have learnt to exploit an abundant and readily available source of food produced by man's fishing activities, and have, temporarily at least, refocused their diets in the process. If a large enough proportion of a species' world population consistently frequents, and comes to depend on, a particular area where it scavenges at fishing vessels, there is potential for modification of that species' global distribution, foraging behaviour, diet and survival, and ultimately its overall biological evolution. The blackbrowed albatross is Appendix. Principal food type, feeding method categories and body-weights of seabird species occurring at stern trawlers in the southern sector of the Benguela Current region (1977 to 1980) . Principal food type and feeding-method classification are provisional and based on data in Ashmole (1971) , Ainley (1977) very a b u n d a n t i n t h e southern Benguela trawling grounds, a n d it is conceivable that an entire population cohort h a s c o m e to d e p e n d solely o n this a r e a d u r i n g t h e austral winters. (According to Croxall, i n press, t h e a v e r a g e life expectancy in t h e species is a b o u t 25 yr, with 40 % of t h e population reaching 10 yr. T h u s , t h e birds could experience both a behavioural a n d a food crisis, if t h e trawling industry ceases to operate.
